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Abstract
The article presents an analysis of the use of correlation-regression analysis, which is
based on the methods of mathematical statistics and probability theory in the study of the power
consumption of enterprises with equipment of continuous production. On the basis of the annual
power consumption schedule of the electric steel-smelting shop in a monthly time section,
mathematical models have been developed for the power consumption parameters. And also, on
the basis of statistical data with the use of a mathematical method, mathematical expressions
were obtained for the electric power consumption and the specific consumption for the main
equipment of the electric steel-smelting shop. In order to assess the adequacy of the developed
mathematical models, mathematical models of the total and specific consumption of their power
consumption are compared with actual data. The comparison results show high reliability of the
power consumption modes of the main equipment of the facility in question. The analysis of the
values of forecast errors with low error rates determines the adequacy of the developed
mathematical models of the parameters of power consumption in terms of power consumption
and specific consumption for the main equipment of the electric steel-smelting shop. In this
regard, they can be used to determine the predicted values of the parameters of power
consumption in electric steelmaking equipment.
Key words: specific consumption, electricity consumption, correlation analysis, statistical
data, power consumption..
Correlation analysis is one of the widely used methods of statistical analysis in determining
the correlation between two or more random factors. The indicated method is used for initial
observation data that are random and selected from the general population distributed according
to the multidimensional normal law. The purpose of correlation analysis is to provide
information about one variable using another variable. In cases of achieving the goal, the
variables are correlated [1-4].
For a particular metallurgical production, which in our case JSC "Uzmetkombinat", the most
appropriate way to study the modes of power consumption is to use the correlation-regression
analysis, the analysis of which is based on the methods of mathematical statistics (MS) and the
theory of probabilities [5,6].
Statistical analysis of power consumption includes the following five main steps [7-9]:
1. Research planning, in particular, the method of obtaining samples and the number of
observations of indicators of energy consumption parameters.
2. Concretization, which is the formulation of a mathematical-statistical description, as well as
the creation of a research model.
3. Evaluation of power consumption parameters that make up the model and the derivation of
sample distributions.
4. Analysis of the correspondence between the model and the observations.
5. A real solution to the problem through parameter estimates and significance criteria.
The method of correlation and regression analysis has become convenient for revealing the
nature of relations between variables and constant parameters of technological processes of
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smelting. The correlation dependencies method allows to simplify the determination of the total
and specific electricity consumption taking into account the installed capacity of the equipment
and construction of correlation dependencies [10].
As studies have shown the formation of the electrobalance of the considered industries, the
most acceptable and more fully reflecting the real relationship of the parameters is the
calculation and statistical research method [11-13]. It is known that the specific energy
consumption d is determined by the ratio of consumed electricity W to the amount of output P.
In similar cases to the above cases, a linear dependence uniquely determines the observed
process of the relationship of one variable from another. With numerous experimental data, using
the least squares method (least squares) you can get the desired equation [14].
The regression line is denoted as a function Y, defined by the variable argument X, has the form
β0+β1Х
Then the linear model can be represented as follows:
Y=β0+β1Х+ε

(1)
(2)

so that for a given X the corresponding value of Y consists of β0 + β1X plus the addition of ε,
taking into account which any individual function Y gets the opportunity not to be on the
regression line. In equation (2), the quantities β0, β1, and ε are unknown, and the quantity ε will
in fact be difficult to investigate, since it changes upon observation. But β0 and β1 remain
constant and we will find them only after studying the possible combinations of Y and X using
the information contained in n observations [15].
To obtain β0 and β1, the equation is represented as:

Y i  0  1 X i

,
(3)
where Yi is the predicted value of Y for a given Xi. i = 1, 2,. . . , n.
The values β0 and β1 are determined for all ratios Y and Xi that are included in equation (3),
which can be used as a predictive equation; setting the value of Xi into it allows us to predict the
―systemic‖ average value of Yi for a given Xi. Therefore, the standard error (deviation) from the
―true‖ line is
n

n

i 1

i 1

S    i2  (Yi   0  1 X i ) 2 ,

(4)

In the theory of correlation, a special place is occupied by linear regression or the linear form of
the relationship between random variables [62, 65]. With this form of connection) (xY is a linear
function of X, i.e.

Y ( x)  0  1 X ,

(5)

where β0 and β1 are the regression coefficients;
X is an independent random variable.
Linear regression is determined by the two-dimensional normal distribution of the argument and
function (X, Y). The regression coefficients are determined by the least-squares method [16].
The values of the norms of specific energy consumption (ERE) for each brand of products are
determined by the most probable values, differentiated norms using the above method as follows.
The value of electricity consumption for the period in question is determined as follows:
W   d i Пi ,
(6)
where di - URE per unit of output products of the i-th brand;
Пi– productivity by the i-th type of products for the period under review.
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If such equations are compiled from monthly data for several years, taking into account that
there was no change in technology and equipment replacement, then the most probable values
are determined from the condition of the standard deviation deviation
n
n
n
(7)
 (Wдейст   d i Пi ) 2   R 2 ,
i

i

i

reaching the smallest value.
Differentiating this expression with respect to unknowns di and equating the derivative to zero,
we arrive at a system of linear equations called the system of normal Gauss equations:
d1  П i1 П i n  d 2  П i 2 П i n  ...  d n  П i n П i n  Пn Wn П i n
(8)
The solution of system (7-8) by the linear algebra method makes it possible to determine the
values of unknown di-SEM for each type of manufactured products and steel grade, provided
that the actual energy consumption is minimized from the calculated values.
Using formula (8), we pass from the correlation equation of the first order to equations of higher
orders. In such calculations, the criterion of the correlation equation was εh1 to determine the
calculation order at higher orders, determined by the expression [17]:
( h)2

D
 h1   h1  ( h1h)1 ( h1)
D D

(9)

The main error is defined as follows:



 h1



h1

k

 i   P( j ) * (r
j 1

(10)

n
1

2
( j)
0

)  (r 2 i )

(11)

1

0

If the value of the criterion εh1 turns out to be sufficiently small compared to its main error
σεh1, then we can stop on the hi-order correlation equation [18-19].
The use of correlation and regression models based on the study of the power consumption
modes of existing equipment allows us to obtain the necessary calculation formulas that take into
account the influence of the main technological and energy factors for analysis and forecast
estimates [10].
Consider the mathematical models of the parameters of the power consumption of the main
equipment of the electric furnace shop (ESPC).
As initial information for constructing energy characteristics for each equipment and
assessing the dependence of the specific consumption of electrical energy for 300 protocol melts
conducted in a DSP-100 furnace.
In fig. Figure 1 shows the monthly power consumption schedule of ESPC in a monthly time
section, which is a linear functional dependence with stable coefficients and one variable
reflecting the general trend of uniformity of power consumption as a whole.
Model of monthly electricity consumption of the enterprise for 2017-2018 described by the
following expression:
W(t) = - 0,082x + 51,25
Models of monthly power consumption of the enterprise in annual terms:
W(t)=-0,816x+55,22;

W(t) =-0,152 x +51,51

(12)

(13)

(14)
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Fig. 1. Schedule of monthly power consumption ESPTS
overall for 2017-2018

The stability of the coefficient under the variable is that the power consumption for the
months of 2017 and 2018. almost do not change, which is characteristic of the level of
production of Uzmetkombinat JSC.
The change in the coefficient in 2018 is associated with the gradual increase in the enterprise's
production capacities. The trends associated with the seasonal component were not identified.
As a result of the analysis of the workshop performance
indicators, it was established that the absolute (W) and
specific (d) power consumption of the workshop are
subject to the law of normal distribution. The hypothesis
of the normality of the distribution of the above values
was tested using the values of the measure of inertness
and the measure of coolness of the histograms
constructed from actual data. In fig. 2, histograms and
the theoretical distribution curve of the energy
consumption in the DSP-100 furnace are shown as an
example.
Fig. 2. A histogram of the normal distribution of energy
consumption in steelmaking
According to the calculation results and according to
Fig. 2 it is seen that the obtained values of the measure of inertness and measure of coolness of a
given distribution are within the limits of their twofold basic errors. This means that this
distribution can be considered normal.
The number of necessary measurements with a confidence probability of P0 = 0.95 for the
development of mathematical models W = f (P) and d = f (P) is determined by the formula:
t2  2
N 2
a ,
(15)
where t is the student coefficient; σ is the mean square error; and - the set error.
To assess the effect of the power consumption values of each ESPC equipment on the total
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plant-wide power consumption, we will construct the corresponding dependencies for each
object, expressed by a linear dependence using the mathematical method and in order to obtain
the equation for electric power consumption and specific consumption.
Based on statistical data using the mathematical method, equations are obtained for the energy
consumption and specific consumption of DSP-100.

WДСП  0,335  П ДСП  1844 , кВт  ч / мес
е ДСП  0,335 

(16)

1844
, кВт  ч / т
П ДСП

(17)
Based on statistical data using the mathematical method, equations are obtained for the energy
consumption and specific consumption of the integrated steel processing unit (AKOS) [11-14].
(18)

WАКОСWАКОС
0,019
П АКОС
619, 619
кВт, кВт
ч / мес
 0,019
 ПАКОС
 ч / мес
619 619
еАКОСеАКОС
0,019
ч / т ч / т
 0,019  , кВт
, кВт
П АКОСП АКОС

(19)

On the basis of statistical data using the mathematical method, equations are obtained for the
energy consumption and specific consumption of the continuous casting section (UNRS) [1114].
УНРС  0,019  ПУНРС  371,45 , кВт  ч / мес
WW
УНРС  0,019  ПУНРС  371,45 , кВт  ч / мес
371,45
еУНРС 0,0019
,019 371,45 , кВт
, кВт ч ч/ т
/т
еУНРС
ППУНРС

(20)
(21)

УНРС

On the basis of statistical data using the mathematical method, equations were obtained for the
energy consumption and specific consumption of lime calcining section (IOU) [11-14].

WW
 0,0208  П ИОУ
 55,457 , кВт
.ч.ч/ мес
кВт
/ мес
ИОУ
(22)
ИОУ  0,0208  П
ИОУ  55,457 ,
(23)
5555
,457
,457, кВт.ч / т
еИОУ
еИОУ0,00208
,0208
, кВт.ч / т
ПП
ИОУ
ИОУ
Using (22), the calculated power consumption data of the IOU are determined [20].
In order to assess the adequacy of mathematical models, we simulated the process of total
and specific consumption of electric power and compared them with actual data. The results
characterize the high reliability of the power consumption modes of the main equipment of the
ESPC (DSP-100, AKOS, UNRS, IOU). The degree of adequacy of the developed models is
justified by low absolute and relative errors between the actual and calculated data. We consider
in detail the forecast error on total power consumption for ESPC equipment: for DSP-100, the
maximum deviation of the forecast is within 4.8%, for AKOS - 6.8%, for UNRS - 6%, for IOU 5%), and also specific electricity consumption for DSP-100 - 1.7%, for AKOS - 7.2%, for UNRS
- 7%, for IOU - 7%. An analysis of the values of forecast errors shows that a low percentage of
error determines the adequacy of the developed mathematical models of power consumption
parameters. In this regard, they can be used in determining the forecast values of the parameters
of power consumption at the enterprises of ferrous metallurgy, in particular in electric steel
production.
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